Nosocomial infection poses an important threat to patient outcome and puts a major burden on healthcare resources. The lower respiratory tract accounts for the majority of these infections, and patients admitted to the intensive care unit (ICU) are at the highest risk, especially when mechanical ventilation through an endotracheal tube is required. Ventilator-associated lower respiratory tract infection (VA-LRTI) consists of ventilator-associated pneumonia (VAP) and ventilator-associated tracheobronchitis (VAT) [1, 2]: a clinico-radiological distinction between the two is not always straightforward, and both conditions are probably on a spectrum of infection, with varying disease severity. Whereas VAP is associated with increased mortality (6-15% of which is estimated to be attributable to VAP itself ), this is less clear for VAT. Both VAP and VAT, however, are associated with increased healthcare costs and are major drivers of antibiotic prescription in the ICU, although the need to treat VAT with systemic antibiotics remains controversial (Fig. 1) .
Microbial pathogens of VA-LRTI are frequently multidrug-resistant (MDR), which negatively affects patient outcome because of frequent inappropriate therapy, which further fuels antibiotic escalation and fosters more resistance. In an era of ever-increasing global antibiotic resistance and dwindling development of new antibiotic drugs, a healthcare crisis may be imminent, as expressed in a 2013 statement by Dame Sally Davies, England's Chief Medical Officer, saying that "…untreatable infection caused by antibiotic-resistant bacteria 'poses a catastrophic threat' to humans" and calls for immediate global action. [3] .
In this respect, prevention of VA-LRTI is of the utmost importance. The grouping of a limited set of preventive measures as a 'bundle' has been developed as a more structured approach to improve processes of care [4, 5] . The goals, objectives and evaluation of bundles of care include developing implementation strategies, monitoring adherence to bundle elements and evaluating the impact of utilization. Key elements of VAP bundles are basic measures such as hand hygiene, head-of-bed elevation, avoiding routine change of ventilator circuits, minimizing sedation and making daily efforts at ventilator weaning.
In an article recently published in Intensive Care Medicine, Landelle and colleagues present the results of a study investigating the effects of a multifaceted prevention program on the incidence of VAP [6] . This prevention program consisted of an educational package focusing on nine interventions reflecting American Thoracic Society/Infectious Diseases Society of America (ATS/IDSA) guidelines, the introduction of continuous subglottic secretion aspiration at a later time point, and finally, the application of selective oral decontamination (SOD). The design was that of a before-after study, with a pre-intervention, intervention and post-intervention period, each lasting 8-11 months. The authors observed a significant reduction in VAP rates, and there was also a reduction in broad-spectrum antibiotic use for LRTI, although this broad category included community-acquired as well as nosocomial infections, and it is unclear which respiratory infections were included in this assessment. Remarkably, following the addition of SOD, VAP rates dropped to 70% of baseline, after an initial decrease to 42% after an eightelement bundle that already included oral chlorhexidine.
The strengths of the study are the measures of compliance with the bundle's components throughout the study and a thorough statistical analysis. However, several methodological limitations are present. Firstly, the study was performed in a single center, limiting its generalizability. Secondly, and more importantly, the study was essentially unblinded, and thus VAP diagnosis could have been subject to bias. Using quantitative cultures of invasively obtained alveolar samples [e.g., by bronchoalveolar *Correspondence: drmartinloeches@gmail.com 1 Multidisciplinary Intensive Care Research Organization (MICRO), St James's Hospital, Dublin, Ireland Full author information is available at the end of the article lavage (BAL)] improves the precision of VAP diagnosis, essentially by increasing specificity, but this was not always done in the current study. Moreover, bias in sensitivity may have occurred, as proceeding to BAL is in practice always triggered by a subjective clinical suspicion of pneumonia. Finally, it cannot be ruled out that the sensitivity of definite VAP diagnosis was lower following the introduction of SOD, as SOD antibiotics may have been aspirated into the lung, interfering with culture recovery of bacteria.
In addition, it is somewhat puzzling that the low compliance with the bundle (only 60-67% for hand hygiene, for example) would result in such a substantial reduction in VAP (incidence density rates of clinical VAP per 1000 ventilator-days at risk were 37.5, 19.1 and 15.7 in the preintervention, post-bundle, and post-SOD plus bundle periods, respectively), as this challenges the whole concept of 'all or nothing' that is inherent in bundle philosophy. Furthermore, despite the substantial reduction in the incidence of VAP and in the use of broad-spectrum antibiotics for LRTI, the intervention failed to achieve an overall reduction in antibiotic prescription in the ICU. The lack of a decrease in total antibiotic consumption during the study period could be due to a shift to or a dilution by other foci of nosocomial infection. Alternatively, there may have been an increased use of antibiotics for presumed respiratory infection that did not qualify for a diagnosis of LRTI (e.g., by lack of microbiological confirmation). One must be reminded again that labeling episodes as VAP or VAT is problematic, and if a drop in VAP was replaced by a rise in VAT, there may have been no meaningful reduction in LRTIs or in antibiotic use. In large epidemiological studies, 10-30% of patients with VAT progress to VAP, and VAT itself can lead to adverse outcome, meaning that if VAT is not eradicated, patient outcomes may not be improved [1, 2] .
As the concept of care bundles explicitly groups interventions as an 'all-or-nothing' package, the impact of individual components cannot be measured. Thus, the ATS/IDSA bundle used in the present study included the application of chlorhexidine for oral care, an intervention that could be directly harmful [7, 8] . The benefit-harm ratio of chlorhexidine is unclear, and the current European guidelines for hospital-acquired pneumonia do not issue a recommendation regarding its use [1] . Very recently, a retrospective, hospital-wide, observational cohort study of over 80,000 adult hospitalized patients found oral chlorhexidine to be significantly associated with increased mortality [9] . However, whether selective oral decontamination with topical antibiotics should replace chlorhexidine as a safer or more effective bundle component of oral care is still far from clear. The added reduction in VAP incidence after the stepwise introduction of SOD in the present study suggests a benefit, but the study period was too short to appreciate all ecological consequences of its use.
In the end, prevention of VA-LRTI is essential to avoid patient harm, and established methods such as ventilator bundles again prove their usefulness in the current study. However, with the antibiotic crisis looming, we are called upon to look further than current patient outcome, and should try to curb our overall use of antibiotics, to preserve their potential for future patients. Successful prevention of infection should translate into real reduction in antibiotic prescriptions, not just in differently labeling them. 
